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Abstract 


A light-diffusing liquid-crystal film produced by fixing the cholesteric or chiral smectic C-orientation whose 
helical axis is not uniformly parallel with the direction of the film thickness, and a liquid-crystal film produced 
by fixing the cholesteric or chiral smectic C-orientatlon whose helical axis is not uniformly parallel with the 
dinaction of the film thickness and whose helical pitches are not uniformly regular In the direction of the film 

thickness. 
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Description 



Induslrial Application Field 



[0001] The present invention relates to a novel liquid crystalline film and the utilization thereof. Particularly, 
the invention is concerned with a choleateric liquid crystalline film and a chiral smectic C liquid crystalline 
film, with suppressed specular reflection, as well as a novel liquid crystalline film capable of producing a 
diffracted light having polarizability, and the utilization of those films; 



[0002] In a cholestertc liquid crystal, internal liquid crystal molecules thereof are oriented in a regularly 
twisted state so as to describe a helix In a film thickness direction, and the cholesteric liquid crystal 
possesses a unique optical property derived from the fact that the helical axis is parallel to the film 
thickness direction. This unique optical property is a selective reflection of a specific circularly polarized 
light in a specific wavelength band. This property may be applicable to an optical use in which only a right 
or left circularly polarized light is to be taken out from a non-polarized light or to an ornamental use vimich 
utilizes coloration of reflected or transmitted light because the above selection of a circularly polarized light 
is limited to a specific wavelength band. For industrial applications, a cholesteric liquid crystalline film 
obtained by forming a cholesteric liquid crystal into a thin film is considered to have a wide application 
range because it is easy to handle and is superior in processabllity. 

[0003] As a method for forming a cholesteric liquid crystalline film there is known, for example, the method 
disclosed in Japanese Patent Laid Open No. 186534/1994. In conventional cholesteric liquid crystalline 
films, the helical axis is perpendicular to a substrate, and a layer structure conresponding to a helix pitch 
forms a flat sheet structure on the substrate. In such conventional cholesteric liquid crystalline films, an 
incident light is specularly reflected, and the luminance of reflected I'^ht drops rapidly outside the specular 
reflection area because of a marked viewing angle dependence of the luminance. 

[0004] There also Is krtown an example of having realized a linear polarizing plate by laminating a 
cholesteric liquid crystal layer and a quarter-wave plate to each other so that the helical axis of the 
cholesteric liquid crystal layer becomes perpendicular to the quarter-wave plate, as Is disclosed In 
Japanese Patent Laid Open No. 133003/1989. In this polarizing plate, however, an incident light Is 
reflected in an outer polarizing plate due to a specular reflection of the cholesteric liquid crystal layer, and 
the visibility as a polarizing plate is inferior. 

[0005] In such a conventional liquid crystalline film as referred to above, the surface thereof has a metallic 
gloss and is In the state of a mirror surface. In case of applying this film to a use in which reflected light 
from ^e film Is utilized, the direction of the reflected light is limited to a specific direction due to such 
specular reflection, giving rise to the problem that a sufficient luminance is not obtainable in other 
directions. Further, since the selectively reflecting wavelength band of this film is greatly dependent on the 
viewing angle due to a blue shift phenomenon, the color tone of reflected light varies markedly with the . 
viewing angle. 

[0006] As a method for suppressing a specular reflection there widely is known a method of diffusing 
incident light and reflected light. For realizing this method, however, it has so far been necessary to 
dispose a diffuser panel on the surface of an object to be measured. However, the use of a diffieer panel 
newly gives rise to problems such as an Increase of cost and an Increase In the number of manufacturing 
Steps. Therefore, it is desired to develop a cholesteric HqukJ crystalline film not requiring such a diffuser 
panel, capable of suppressing a specular reflection, superior in visibility, and less dependent on the 
.viewing angle. 

[0007] The above points can also be said of a chiral smectic C liquid crystalline film, and also in this case it 
is desired to develop a chiral smectic C liquid crystalline film not requiring a diffuser panel, capable of 
suppressing a specular reflection, superior in visibility, and less dependent on the viewing angle. 
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[0008] Next, diffraction gratings are general-purpose optical elements used widely for the purpose of 
splitting a light beam In the field of spectrooplics. Diffraction gratings are classified Into several types 
according to shapes thereof, usually Into oscillation type diffraction gratings in which a light transmitting 
portion and a light non-transmitting portion are arranged periodically and phase type diffraction gratings in 
which periodical grooves are fomned in a material of a high transmittance. Diffraction gratings are 
sometimes classified according to directions in which diffracted light is generated (Tetsuo Sueda. "How (o 
use Optical Components and Points to be Noted," Optronics Co., ISBN4-900474-03-7). 

[0009] According to the above conventional diffraction gratings, as a diffracted light obtained upon 
incidence of a natural light (non-polarized light), there can be obtained only a non-polarized light. With use 
of such a polarizing optical device as an ellipsometer which is used frequently in the field of spectrooptics, 
there can l^e obtained only a non-polarized light ea a diffracted light, so for splitting a natural light, emitted 
from a light source through a diffraction grating and for utilizing only a specific polarization component 
contained therein, there usually is adopted a method wherein a diffracted light is used through a polarizer. 
But this method Involves the problem that about 50% or more of the diffracted light obtained is absorbed 
by the polarizer and that therefore the quantity of light Is reduced by half. II is also required to use a 
detector of a high sensitivity and a light source capable of emitting a large amount of light. Ttius, it is 
desired to develop a diffraction grating through which a diffracted light itself becomes a specific polarized 
light such as a circularly polarized tight or a linearly polarized light. 



Object of the Invention 



[0010] It is an object of the present invention to solve the above-mentioned problems of the prior art. 

[001 1] The present inventors have succeeded In forming an area which exhibits a high diffusion effect in a 
cholesteric liquid crystal layer and a chlral smectic liquid crystal layer by controlling the state of orientation 
of liquid crystal molecules precisely. More particularly, by forming a cholesteric orientation and a chiral 
smectic C orientation in which the helical axis direction in liquid crystal phase is not uniformly parallel in a 
film thickness direction, to suppress a specular reflection, we have succeeded in obtaining a cholesteric 
liquid crystallrie film and a chiral smectic C liquid crystteline film both superior in visibBity and having a light 
diffusing property. 

[0012] First, by precisely controlling the state of orientation of liquid crystal molecules the present inventors 
have succeeded in forming an area of a high diffraction efficiency in a cholesteric liquid crystal layer or in a 
chiral smectic C liquid crystal layer. To be more specific, by controlling and fixing a cholesteric orientation 
or a chiral smectic C orientation wherein the helical axis direction in cholesteric phase or chiral smectic C 
phase is not uniformly parallel in a film thickness direction nor is the helix pitch uniformly equal in the film 
thrckness direction, we have succeeded in obtaining a liquid crystalline film which functions suitably as a 
polarizing diffraction grating. 



Summary of the Invention 

[0013] The present invention Is firstly concerned vnth a light-diffusible cholesteric or chiral smectic C liquid 
crystalline film having a fixed cholesteric or chiral smectic C orientation in which the helical axis direction Is 
not uniformly parallel In the film thickness direction. 

[0014] The present invention is secondly concerned with a circular polarizer comprising the above liquid 
crystalline film. 

[001 5] The present invention is thirdly concerned with a linear polarizer fomned by laminating the above 
liquid crystalline film and a quarter-wave sheet to each other. 

[0016] The present invention is fourthly concerned with a liquid crystalline film having a fixed cholesteric or 
chiral smectic C orientation in which the helical axis direction is not uniformly parallel in the film thickness - 
direction nor is the helix pitch uniformly equal In the film thickness direction. 
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[00171 The present Invention will be described in detail hereinunder. 

SiesI itSiOre In me ordinay '*»J='«^„"J"^"'r'JS*;lu^a « bent sale of ife saW layer 

limitGd thereto, . 
(0020] When . finger-print structu. Is fenced, .n o^ st^a. is observed trom .he surface of the 

choiestaric liquid crystal layer. 

Streak formed therein . 

[00221 A more detailed description will be given below about the said film. 

10023, in a choles,e.c ..quid crystalline SSSu'id'c^:S,r„^e ^^^^^ a7rS\SKount 
STolesteric liquid crystalline polymer ?o"?P"'''^„^.^2"^,^;7eS a nemaBc orientability of 
San ojtically active compound, the K<»";^,«^*;' "eSKlhe sa^^^ or a cholesleric liquid 

SonodSmain and capable of b«i"9 easily f.)^d m capabte of be ng easHy 

crystalline polymer exhibiting a unrform ''^'^'^ted 0^1^30 o i^^^^^ substrate, then dried and heat-trea ed. 
fl^ed in the stite of the said '",^^2'?^ as 0 ha^ Tfinger-prlnt structure and have a layer with 

SyT^a^ntStS^^^^^^^^^ '""^^ 
ror4nhechole3teric orientation having a^^^^^^^^ 

^en Observed in temis ''^^Jd Z point as a lower temperature portion 

Dhase which forms a flat sheet structure '^S"'^^^'^!!' of the cholesteric liquid 
Keof The oily streaH-formed layer has ^ f l^^^^^^e c^ientinr^ side and large on an 

S^Ll film suJh that the proportion [J'^/^ill^? "f."^^^^^^ the air interface side of the 

aHnlerface side. By ufili:^ng ^^^^"^^^^'i^^l^^'Xeo^^ Hght becomes large and there can be 

100251 The following description IS nowprovi^^^^^^^^^^ 

^^amUs of this liquid cryslall ne P°^^'^X9J^Z7S>^%s^^iir,e polymers such as polyesters. 

as transparency and glass transition points. 
100261 f.eferencev..,nowt.emadetoJ,e^^^^^^ 

crystalline polymer for imparting tv-isl ^'^f^^^ P^SoSle in the Invention insofar as they are 
m^ecular oompourKls. Although ^'^^S^lf^eS^^^^^^^ compound from the standpotntof 
optically active, it is desirable to use ^"^P^'if ^^^f'^^^^^ of optically active compounds are 

compatibility with the liquid Grystall.ne P^^^^^^J^^^^^^^^^^ high-molecular compounds are 
mentioned optically active h'gh-molecugr comp^^^^^^^^^ ^^^^^^ t„ a „qu,d 
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liauid cfvstallire polymer. Examples are such liquid crYStalline polymers having an optically f ar^VP^^'' 
oSaSaSry^nScrylates^. polymalonates. polysSoxanes. polyesters. Po'y«'"'d«f ■ P°J^«^2^f3^^^^^^^ 
SXi^erpolypeptldes. and cellulose. Particularly, mainly aromatic, optically active polyesters are 
jSfeSd in Saw's meir compatibility with the nema«c liquid ctystalllne polymer. 

mo271 Thus as the chdesterlc liquid crystalline polymer for forming the cholesteric liquid crystalline film 
S^n/rthir, tD the oresent invention It is desirable to use a composition cwmpnsing a nematic liquid 

aclive group in the main chain. 

roo281 The Cholesteric liquid crystalline film according to the present Invention is fcrrrted by orienthg any of 

llSmTs^SS^epr^nX invention. Any orienting process may be used insotar as rt atows 
SoleSiquS^^aK molecules to be oriented uniformly in parallel with the onentation »iterface. 

rnn-^n N^^t a cholesteric liquid crystalline polymer film having a suitable pitch length is formed on the 
Sgnmer^t ir^ fS on tt.%t transmitting substrate so as to have a finger-prnt structure and 
have an oily sireak-formed layer. 

inn-ioi A.5 means for aoDlvinq a cholesteric liquid crystalline polymer onto the alignment film there may be 
LSJ a^^t^^^^^^^^^ or a solutfon ap?^cation method, the latter being preferred from the 

standpoint of process. 

f00331 In the solution application, the cholesteric liquid crystainne poiymer is dissolved « «)l>^"t 

SKj^StrngSiKS* h.5 been sub|~led to «> orienting trealn-n. sua. as rubb-o- 

I0034I As the appllcaUon methoa Item may beedopteO. te enample. spineoatmg. toll coatins. die 

coating, or curtain coating. 

ronasi After the application of the solution, the solvent Is removed by drying, followed by heal treatment at 



thereto. 
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polarizer co'inbined with a quarter-wave sheet. 
But these are mere examples. 

[0033, F^^. «> = ^ssi^s™ .s sL'rss'ri iM "^'^ta^^^^ 

conventional like films. 

ro0391 NOW descriptio. ..ill be directed below to a novel "c^uW c£''"« ^'^^^^ °' ^eneratir^g a 
SStedTghSg polarizability according to the present .nventKXi. 

100401 in this licuid cryslalline film accordir^ the F^^^^^ 

unlfoi^mly parallel to the film thickness "°L'l,^®^eSo^^r^^ be mJde of one havir^g an 

direction. As an example of such a 1'^"^^ i^^S? ' S an^^"Sry^holesteric or chiral smectic C 
orientation such that vvhen the hKrSure is irregularly curved or bent. The 

fonmlng such a structure. 

,0041, AS an example of a process f-;S^^;5^^3^^^^^^^^^ 

Lrysl^ phase structure there is "^f " ^^^Pr^^Sa*"^^^^^ parallel to the film thickness 
ct^olesteric or chiral smecrt.c C or^nte ton having formed^ ?.ereafleV a desired dIffracUon pattern .s 
direction and having a ""^^f'^'y ^"^^^11^,^^^^ for example, a method wherein a 

transferred to the film. For the pattern '^^"^fer '"we may^^^ M . ^ j^,, this case, it Is 

form having a dtffractlon pattern '%P/o^'^.^„!r,^ '^J^^^^^ to only the nim surface, but it Is 

not that concaves and convexes ^^^^^Xm^XIZ^'^^ deforriied in such a manner that the 
important for the liquid crystal st^ch^re in the " enorof J^^^™ ^^^^ itah uniformly equal in 

EnsSrS the diffraction pattem to the film under heating. 

C0042] The transfer of the diffraction Pattem may be -n^ ^ 
Sorm having '^^^ ^^^'^'-^Tr ^.id^^c^^^^^^ ^'"^ 

ss^^^robeiSnSdforK?^^^^^^^ 

10043, AS the form having the diff.^k,n P^jtem "^^^^^^^^^^ Sto^rS t^^^-sfer-'poT 

Ued s not likely to damage the pattern . ^^^^^i^^^^ on an ^uminum or 

example, there may be used a d'ffra<*°" sraUng^^^^^^^^ 'Sic sheet or a polymer film As the 
polymer layer which is coated onto a subsfrate such a^^^ ag 

form having the diffraction Pa^^^llS^^^^^ by Edmund ScienUfic Co.. a 

raSkfon^t^rdrSlrS 

no limitation is made thereto. 
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cholBsteric or chiral smeclic C liquid crystal layer, whereby the liquid crystalline filrr having such a unique 
Sfc^^TsfJ^^^^^^^ described above according to the present invention can be fabricated. 

ir^n/ifii The above heatinq condition is usually set to a temperature range above the glass transition point of 

mmmmMwmwM. 

200 kgf/cnn<:2>. 

SaStAX^V^'^^^^oi^^or^er^^ 0.01 seconds, preferably 0.05 second to 30 m.r,utes. 
more preferably 0.1 second to 15 minutes. 

be obtained the liquid crystailina film according to the present invention. 

mre-rrnti^^^^^^^^^^ 

rrLtmenrara^p^dSXmin^ temperau^re for u predetermined period of time, and subsequent cooling. 

[00521 The above method is only an example and tt>6 liquid crystalline film according to the present 
invention is not limited by the manufacturing method. 

[00533 on the lK,uld c^^tallinc po^^er si^^^ Cal'^uKTSvSrcoSJ^^ 
Tor^SprttSKs^li'lS^^ 

such S^dh4sive an wercoating layer can be formed by bonding the liquid crystal side of the liqu d 
cSaC film to a subTate ha>rtng Wiovabllity through the adhesive and by removing the removable 
substrate after curing of the adhesive. 

T00541 The removable substrate is not epecially limited insofar as it possesses r«"iovabili^and a self- 
Srtino Serty As the said substrate, a plastic film having releasabillty is usually Preferred The 
•SvabiliW- as re eVred to herein means that the removable substreta can be removed at the interface 
wTthe al^s^eTn a^^m^^^^^^^ bonded state of the liquid crystalline film and the removable substrate 
through the adhesive. 

roossi The adhesive is not specially limited if only il can bond the liquid crystalline polymer side ana the 
Pmovabll substrate with each other and permits removable of the substrate. As examples oF the 
Sve% dS^^^^^^^ to curing means, are mentioned photocuring type, electron beam cunng 
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tvne and heat-curing type adtiesives. Particularly preferred are acrylic oligomer-based photocuring type 
and J^ron beaT<Lring type adhesives. as well as epoxy resin-based photocunng type and electron 
^m^ Z h?e adhesives As to in what form the liquid oystalline film and the removable substrate are 
^bonded tSether, no special limitation \s Imposed thereon. But usually an adhesive ayer « disposed 
£S^en thVliSd c J^lailine film and the substrate. The thickness of the adhes.ve layer .s not specel V 
Sd but is usuan/ln the range of 1 to 30 mu m. Various additives, such as antioxidant and ultrav olet 
S?b^ miy Sorporated in the adhesive insofar as they do not impair the effect of the present 
Invention. 

[00561 In the liquid crystalline film both diffraction characteristic and polarization characterisflc are 
dSoed bv Ihe^^^ of the liquid crystal molecules present in the intenor of the film, so by 

TpSg an'^aShSfree of any difference InVefractive index the film can be lanr..nated to another optical 
element without Impairing Its diffracticn characteristic and polarization characteristic, 

rnn«^71 ThP liauid crvstalline film obtained acconSng to the present invention exhibits a selective reflection 
K-enon proX helix pitch length Against light in ttie infrared. ,^1^'?,. 

aV the same time a diffraction phenomenon is developed by the diffraction pattern fomned in the Interior of 
ie^ilTc^talVyer^^^^^^^^^ possesses a circular pplarizability. The l^^d <:r^« J'^^ 

has^ch untaue feati^res not found in the conventional liquid crystalline polymer film. In this "^'d 
c^tS film moreover, since both diffraction characteristic and polarization characteristic are developed 
KSve/Kture of the liquid crystal molecules in the interior of the film, such diffraction and 
5'olarSn t^ZlrSiis of'the r^are not impaired e^^n If •^'^^.t, is lam^^^^^^ another optical 
dement through, for example, an adhesive free of any difference in refractive index. 

rnnsftl The aoDlication range of the liquid crystalline film according to the present invention, vrtiich has 
SiSue chaStetics as referred to above, is extremely wide. For example^ 'i^/„"?PiX'n^ 
Is any of varkkis optical elements. Including a polarizing sheet, opto-electronic elernente. and ornameI^^^ 
ma?«ials As tvolcal and concrete examples of uses are mentioned uses as an optical device v^ich 

a s?SsJm polarized light, a polarizing optical element or an opUcal filter. >*h:ch uta.z^ a 
STo^ phenomenon to obtain a specific wavelength, a circular polarizer, and a linear polanzer obtained 
by combining the film with a quarter-wave sheet. But these are mere examples. 

r0059] Particularly in the use requiring a spectrally split polarized light the liquid crystalline film according to 
thfprS iSlon exhibits an extremely outstanding effect of Improvement In comparison with the 
conventional combination of a diffraction grating and a polarizer. 

Examples 

100601 The following examples are given, but it is to be understood that the liquid crystalline film according 
to the present Invention is not limited thereto. 

Example 1 

100611 A liquid crystalline polyester composition of the following composition formula having a glass 
K ion ternpSre of 80 DEG C and having an R-isomer optical activity was formed '"to on a 

heat treatment at 1 35 DEG C for 5 minutes. , . 

The f^ mTus formed exhibited a non-specular reflection of green color. From obsen^ation usfrig a 
SaSSg m^S^ and TEM obeen^ation in a cross sactlr^i of the film (F]g. 1) it tum^out hat there 
warobtained an orientation having a finger-print structure and forming an oily streak m which the helical 
axit Son fn chSer^ phase was not i^nifbrmly parallel to the film thickness direcUon. The film was 
fhenSsure^ fS°ra^S^ spectrum using a spectrophotometer for ultraviolet, visible and near 
nfrar^d rSn V^O(a product bf Nippon Bu^ko Co.). to find that there was fomied a cholesteric liquid 
Slair JihibUlng a selective reflection with a selective reflection wavelength band width DELTA 
lambda of about 90 nm at a central wavelength lambda s of about 550 nm. 
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Example 2 



[0062] A liquid crystalline polyester composition of the following composition formula having a glass 
transition temperature of 77 DEG C and having an R-isomer optical activity was formed into film on a 
triacetyl cellulose film having a rubbed polylmlde layer Dy means of a spin coaling method, followed by 
heat treatment at 130 DEG C for 6 minutos. The film thus formed exhibited a non-specular reflection of 
blue color FnDm observation using a polarizing microscope and TEM observation in a cross section of the 
film it turned out that there was obtained an orientation having a finger-print structure and forming an oily 
streak in which the helical axis direction in cholesteric phase was not uniformly parallel to the film 
thickness direction. The film was then measured for transmission spectrum using a spectrophotometer for 
ultraviolet visible and near infrared region, V-570 (a product of Nippon Bunko Co.). to find that there was 
formed a cholesteric liquid crystal layer exhibiting a selective reflection with a selective reflection 
wavelength band width DELTA lambda of about 90 nm at a central wavelength lambda s of about 500 nm. 



Example 3 



[0063] A liqukJ crystalline polyester composition of the following composition formula having a glass 
transition temperature of 77 DEG C and having an R-isomer optical activity was formed into film on a 
triacetyl cellulose film having a njbbed polyimide layer by means, of a spin coating method. foHowed by 
heat treatment at 130 DEG C for 5 minutes. The fHm thus formed exhibited a non-specular reflection of red 
color From observation using polarizing microscope and TEM observation in a cross section of the film it 
turned out that there was obtained an orientation having a finger-print statcture and forming an oily streak 
in which the helical axis direction in cholesteric phase was not uniformly parallel to the film thickness 

Theti'lm^was then measured for transmission spectrum using a spectrophotometer for ultraviolet, visible 
and near infrared region. V-570 (a product of Nippon Bunko Co.). to find that there was formed a 
cholesteric liquid crystal layer cxhibiUng a selective reflection with a eoiectrve reflection wavelength band 
width DELTA lambda of about 1 10 nm at a central wavelength lambda s of about 620 nm. 



Comparative Example 1 

{00641 A liquid crystalline polyester composition of the following composition formula having a glass 
transition temperature of 80 DEG C and having an R-isomer optical activity was formed into film on a 
triacetyl cellulose film having a rubbed polyimide layer by means of a spin coating method, followed by 
heal treatment at 1 SOD EG C for 10 minutes. , ' r . c 

The film thus formed was a monodomain film exhibiting a specular reflection of green color From 
observation using a polarizing microscope and TEM obaervatton In a cross section of Iho film (Fig. 2) there 
could be confirmed a unifomi helix pitch of a cholesteric liquid crystal layer. The film was then measured 
for transmission spectrum using a speolrophotometer for ultraviolet, visible and near infrared region, V- 
570 (a product of Nippon Bunko Co.), to find that there was formed a cholesteric liquid crystal layer 
exhibiting a selective reflection with a selective reflection wavelength band width DELTA lambda of about 
90 nm at a central wavelength lambda s of about 550 nm. 



Comparative Example 2 

[0065] A liquid crystalline polyester composition of the following composition formula having a glass 
http://l2...7desc?LG=eti&CY-ep<S^B-EPD&PNP=EPl045260&PN=W 2/7/02 
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Sral wavelength lambda s of about 590 nm. 



Example 4 



an optical measurement using such an optcal ^yste^^^^^H^^ was illuminated with a Ught 

Sance fr>e results of which are shown m Fig. 4. 

,00671 in case of the f..m obtained in Comparative B^-Pg^^^^ -^^^^^^ 

KIlTmage was retlected in the "^P^^^^^^^,?! °pid dl^ioratlon of luminanoo and the v.alb.My 
fenSr. angle, and the visibility was good. 



Example 5 



,00681 Tt„ chdesterlc llquM c.y<.tallm. ^^^'2 DwIS^^a'^^^S If ISS^S Kw»S' 



Example 6 



. . 4 ro formed of a potwinyi alcoho]. retardation: 
100591 A unlaxl* sMtcl-O dim <a °' ™*SSe oMl^"^^^^ "I' n »f 
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Thus the polarlzaUon degree of wemear^ ,1 outdoors ""°^!^y^oiatBc^o Co., formed 

SoTestericVm was ^o^^^fj^r^oS^nLal^'^ stretched f"";^ ^li^.^^ ^'^ST 



^eS'e^-ngminth 
Example 7 



DEG C for 3 minutes. IT^fJgc^ and TEWI observation in a f ^^^^ streak In which the 

observation using a Po^rmng rn^roscope ^ ^^^^ f^f.^ thickness direction. The film 

that there was obtained ^ '''^^*°i^^se was not uniformly parallel to f^^^ mic 

Example 8 

transition temperali^e of 90 DEG C ana ^ ^P'" ^^'^^^ so;S arrefle^n of green 

irlacetyl cellulose f'''^^^^>rtng a t^uoDeu p y exhibited a "P^'^'Pt sBction of the film it 



Reference Example 1 
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ffiesteric liquid crystalline crystalline P^'V^^^^^^^orplate heated to about 100 

sSSace of the diffraction grating ^ry ma ^^^^ P'^^^^e^ S^S^^^^^^ Q'^Tf " 

^talline film were oPPf^f lS7<^n<2> using a rubber roller. Then, the m crysteMtne 
ner r at a pressure of about 1 a Kg/w i about 5 mu m) was rormw resulting 

brightness was a^out ^he s^^"^e^^ c-«-cu^r P^^^ScSn SgW of rainbow color not 

?o?aTz:3.jr ^ ,3,,Wed,ightof1hari^-.andclrco.ar.ypo.ar-dl.ghtwasobta^^^ 
[0076] Now It turned out thai a diffracted lign 
liquid crystalline film. 

Example 10 ^ 

diffraction surface '^l^^Jf^^'^^ opposed to each other, and were ther> pres diffraction 
smectic C liquid crystalline 1 20 lco/cm<2> using a ["''''^'1^^ "JrwM^^^ on the liquid 

„orwas1BBl>eSxpnchu™WmlyW.ln< ... „^n<lloularly Into *e surface of 
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Reference Example 2 



KeieicM^*** — r - d and 

a r=".r£"biTs'p1ntoT^^^^ ^''T^'id'^Jof F^o^SCsaSat*^^ a polarizing 
rubbed polyimide specular reflection of 9°"^;^°'°; that the helical axis in 

The film thU3 ^ometi e^t^i^i^^'^J^^'' ^tion of the film il turned out tnai w ^,3^ 

mtoroscope and TEM <*servat^n in a cross s ^^^^^^^ direction Jl^^!*^ ^g^n spectrum by 



lambdas or about 600 nm. 
Reference EKample 3 
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thickness direction and (hat the helix pitch was also uniformly equal in the film thjckness direction. The film 
was then measured for transmission spectrum by means of a spectrophotometer for ultraviolet, visible and 
near infrared region. V-570 (a product of Nippon Bunko Co.), to find that there was formed a cholesleric 
liquid crystal layer exhibiting a central reflection with a selective reflection wavelength band width DELTA 
lambda of about 100 nm at a central wavelengtti lambda s of at)Out 610 nm. 



Comparative Example 3 



[0086] A ruled diffraction grating film (900 lines/mm) (a product of Edmund Scientific Japan Co.) and the 
cholesterk; liquid crystalline film obtained In Comparative Example 2 were put one on the other so that a 
diffraction surface of the diffraction grating film and the liquid crystalline polymer surface of the cholesteric 
liquid crystalline film were opposed to each other, then were put on a plate of a 26-ton press (a product of 
Shinei Sangyo Co.), followed by the applicatkin of heat and pressure for 5 minutes under the conditions of 
a temperature below the glass transiition point of the liquid crystalline polymer used in Reference Example 
1 and 100 kg/cm<2>. The thus-pressed laminate was taken out from the press and cooled to room 
temperature. Thereafter, the njled diffractfon grating film v/as removed to find that the diffraction pattern 
was not transferred to the cholesteric liquid crystalline polymer layer. The film after the removal of the ruled 
diffraction grating film was subjected to observation using a polarizing microscope and TEM observation 
for a cross section of the film to find that there was no change in the cholesteric orientation, with the helical 
axis in cholesteric phase tjeing uniformly parallel to the film thickness direction and the helix pitch being 
uniformly equal in the film thickness direction. 



Comparative Example 4 



[0087] A njled diffraction grating film (900 lines/mm) (a product of Edmond Scientific Japan Co.) and the 
cholesteric liquid crystalline film obtained in Comparative Example 2 were put one on the other so that a 
diffraction surface of the diffraction grating film and the jlquid crystalline polymer surface of the cholesteric 
liquid crystalline film were opposed to each other, then were put on a plate of a 26-ton press (a product of 
Shinei Sangyo Co.), followed by the application of heat and pressure for 5 minutes under the conditions of 
a lemporaturo above an isotropic phase transition temperature of the liquid crystalline polymer and 1 00 
kg/cnn<2>. The thus-pressed laminate was taken out and cooled to room temperature. Thereafter, the 
ruled diffraction grating film was removed to find that the cholesteric orientation unden/vent a change to an 
isotropic phase present in a higher temperature zone than the cholesteric liquid crystal phase and that the 
cholesteric orientation was not retained. 



[00881 A ruled diffraction grating film (900 lines/mm) (a product of Edmund Scientific Japan Co.) and the 
cholesteric liquid crystalline film obtained in Reference Example 2 were put one on the other so that a 
diffraction surface of the diffraction grating film and the liquid crystalline polymer surface of the cholesteric 
liquid crystalline film were opposed to each other, followed by the application of heat and pressure under 
the conditions of 135 DEC C, 3 kg/cm<2> and a roll contact time of 0.5 second, using a lamlnator DX-360 
(a product of Tokyo Laminex Co.). After subsequent cooling to room temperature, the ruled diffraction 
grating film was removed, leaving the liquid crystalline film with the- diffraction pattern transferred to the 
cholesteric liquid crystalline polymer layer. Then, an overcoating layer (thickness: about 5 mu m) was 
formed on the liquid crystalline polymer surface with use of an acrylic overcoating agent (refractive index: 
1.53) to level the resulting unevenness of the liquid crystalline polymer surface. 

[00891 The liquid crystalline film was then subfccted to observation using a polarizing microscope and TEM 
observation for a cross section of the film to find that there was formed a cholesteric orientaton in which 
the helical axis direction was not uniformly parallel to the film thickness direction nor was the helix pitch 
uniformly equal in the film thickness direction. 

[00901 When He-Ne laser beam (wavelength: 632.B nm) was radiated perpendicularly into the film surface, 
the laser beam was observed at each of exit angles 0 DEG and about +/-35 DEG . Thus, it turned out that 



http://l2. .../desc?LG=en&C Y=ep&DB=HPD&PNP=bP 1 045260&FN-WO9934242&F1 DB-EP 2/7/02 



Example 13 



Received rrom < d14 66d 8977 > at 8/19/03 9:20:41 PM [Eastern Daylight Time] 





Tuesday, August 19. 2003 9:14 PM 



Ralph J. Crispino 914 669-8977 



p.60 



esp@cenet - Document Descrigtion 



Page 14 of 15 



an area functioning as a diffraction grating was formed in the intericH' of Ihe cholesteric liquid crystalline 
film. 

[0091] Then, to check polarization characterislics. the liquid crystalline film was placed under an ordinary 
interior lighting and was observed through a right-hend circular polarizer, which transmits only a right-hand 
circularly polarized light. As a result, a reflected diffraction light of rainbow color was observed and the 
brightness was about the same as in observation made without using the polarizer. On the other hand, 
when observation was nnade through a left-hand circular polarizer, which transmits only a left-hand 
circularly polarized light, a dark field resulted and a reflected diffraction light of rainbow color was not 
observed. Thus, a diffracted light of the liquid crystalline film proved to be the right-hand circularly 
polarized light. 



Comparative Example 5 



[0092] A ruled diffraction grating film (900 lines/mm) {a product of Edmond Scientific Japan Co.) and the 
cholesteric liquid crystalline film obtained in Reference Example 2 were put one on the other so that a 
diffraction surface of the diffraction grating film and the liquid crystalline polymer surface of the cholesteric 
liquid crystalline film were opposed to each other, followed by the application of heat and pressure under 
the conditions of 135 DEG C, 0.2kg/cm<2>, and a roll contact time of 0.5 second, using a lamlnator DX- 
350 (a product of Tokyo Laminex Co.). After subsequent cooling to room temperature, the ruled diffraction 
grating film was removed, leaving the liquid crystalline film with the diffraction pattern transferred slightly to 
the cholesteric liquid crystalline polymer layer. Then, an overcoating layer (thickness: about 5 mu m) was 
formed on the liquid crystalline polymer surface with use of an acrylic overcoating agent (refractive index: 
1.53) to level the resulting unevenness of the liquid crystallhe polymer surface. As a result, the diffraction 
pattern became invisible. From observation using a polarizing microscope and TEM observation In a cross 
section of the film it turned out that there was no change in the cholesteric orientation, with the helical axis 
direction in cholesteric phase being uniformly parallel to the film thickness direction and the helix pitch 
being uniformly equal in the film thickness direction. 



{0093j A ruled diffraction grating film (900 lines/mm) (a product of Edmund Scientific Japan Co.) and the 
cholesteric liquid crystalline film obtained in Reference Example 3 were put one On the other so that a 
diffraction surface of the diffraction grating film and the liquid crystalline polymer surface of the cholesteric 
liquid crystalline film were opposed to each other, followed by the application of heat and pressure under 
the conditions of 170 DEG C. 20 kg/cm<2>. and a roll contact time of 1 second, using a rolling mill (a 
product of Hitachi Kikal Engineering Co.). After subsequent cooling to room temperature, the ruled 
diffraction grating film was removed, leaving the liquid crystalline film with the diffraction pattern fransfen-ed 
to the cholesteric liquid crystalline polymer layer 

Then, an overcoating layer (thickness: about 5 mu m) was formed on the liquid crystalline polymer surface 
with use of an acrylic overcoating agent (refractive index: 1,53) to level the unevenness of the liquid 
crystalline polymer surface. 

[0094] The liquid crystelllne film was then subjected to observation using a polarizing microscope and TEM 
observation for a cross section of the film to find that there was formed a cholesteric orientation in which 
the helical axis direction in cholesteric phase was not uniformly parallel to tine film thickness direction nor 
was the helix pitch uniformly equal in the film thickness direction. 

[0095] When l-te-Ne laser beam (wavelength: 632.8 nm) was radiated perpendicularly into the surface of 
the liquid crystalline film, the laser beam was observed at each of exit angles 0 DEG and about +/-35 
DEG . Thus, it turned out that en area functioning es e diffraction grating was formed in the interior of the 
liquid crystalline film. 

[0095] Next, to check polarization characteristics, the liquid crystalline film was placed under an ordinary 
interior lighting and was observed through a right-hand circular polarizer, which transmits only a right-hand 
circulariy polarized light. As a resuK, a reflected diffraction light of rainbow color was observed and the 
brightness was about the same as in observation made without using the polarizer. On the other hand. 
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when observation was made through a left-hand circular polarizer, which Iransmits only a left-hand 
circularly polarized light, a dark field resulted and a reflected diffraction light of ranbow color was not 
observed. Thus, a diffracted light of the liquid crystalline film proved to be the right-hand circularly 
polarized light. 

Brief Description of the Drawings 



Fig. 1 shows an Image obtained by TEM observation for a cross section of the film formed In E)cample 1 ; 
Fig. 2 shows an image obtained by TEM observation for a cross section of the film formed in Comparative 
Example 1; 

Fig. 3 is a schematic diagram showing the configuration of the optical measurement system described in 
Example 4; and 

Fig. 4 is a diagram showing the reflectance measurement results described in Example 4, 
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Claims 



1 . A liquid crystalline film having a fixed cholesteric or chlral smectic C orientation in which the helical axis 
direction is rK>t uniformly parallel to the filnri thickness direction. 

2. A liquid cryslalline film having a fixed cholesteric or chiral smectic C orientation in which the helical axis 
direction is not uniformly parallel to the film thickness direction nor is the helix pitch unifornaly equal in the 
film thickness direction. 

3. A process for fabricating the film of claim 1 or claim 2, characterized by transferring a diffraction pattern 
to a cholesteric or chiral smectic C liquid crystal layer. 

4. Ttie process of claim 3, wherein the cholesteric or chiral smectic C liquid crystal layer Is formed using a 
liquid crystalline polymer. 

5. The process of claim 4, wherein the diffraction pattern is transferred to the cholesteric or chiral smectic 
C liquid crystal layer in a temperature range of above a glass transition point of the liquid crystalline 
polymer and below an Isotropic phase transition temperature of the liquid crystalline polymer and in a 
pressure range of 0.3 to 500 kgf/cm<2>. 

6. A light-diffusible film comprising the liquid crystalline film of claim 1 or claim 2. 

7. A circular polarizer comprising the liquid crystalline film of claim 1 or claim 2. 

8. A linear polarizer formed by laminating the liquid crystalline film of claim 1 or claim 2 and a quarter-wave 
sheet to each other. 
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